ABSTRACT: High-resolution single-channel seismic data were collected on the middle shelf to upper slope, offshore Apalachicola, Florida, to characterize fluvial-deltaic stratigraphy on a sandy, ramp-type margin. On the west Florida shelf, deltas exhibit wedge-shaped geometries. Clinoform angles are relatively steep (~ 3°), and bottomset bed development is minimal, suggesting deposition in a relatively high-energy environment.
INTRODUCTION
Sequence stratigraphic models have been used to predict sand-body distribution and facies character Van Wagoner et al., 1990; Christie-Blick, 1991) . These conceptual models are constrained by studies of outcrop, well logs, and low-resolution seismic data. One key assumption is that sequence stacking patterns have a global signature that is repetitive as long as other controlling factors, such as climate, discharge, and subsidence, etc., remain constant. Yet, if controlling factors were not constants from cycle to cycle, then the stratigraphic architecture between sequences should vary.
With respect to other drainage systems entering the Gulf of Mexico, the Apalachicola fluvial-deltaic system is considered an end-member setting (Anderson et al., this volume) . A moisthumid climate, steep incised streams, ramp morphology, minimal to absent growth faulting and salt tectonics, and relatively low subsidence rates characterize this system.
Previous studies of the Florida inner shelf offshore the Apalachicola River suggest that at least two major late Pleistocene glacioeustatic cycles are recorded above an unconformity at the top of the upper Miocene limestone (Schnable, 1966; Schmidt, 1984; Doyle, 1987, 1992; Doyle and Locker, 1988) . Preliminary seismic interpretation strongly suggests that the data grid acquired for this study images strata from a minimum of three glacioeustatic cycles. Donoghue (1992 Donoghue ( , 1993 ) mapped paleo-channels associated with the ancestral Apalachicola River on the inner shelf. These previous studies provided an important framework for this investigation.
The objectives of this study include the following: (1) characterize fluvial-deltaic stratigraphy on a sandy, ramp-type margin; (2) evaluate timing of deposition on the shelf using the oxygen isotope curve as a proxy for sea level; (3) evaluate depositional styles between different glacioeustatic cycles; and (4) characterize sedimentation associated with different systems tracts. Bathymetry is from USGS and NOAA published maps for Apalachicola (1979 ), Florida Middle Ground (1977 ), and Destin Dome (1975 .
tion used in this volume. Studies by Abdulah (1995) and Banfield (1998) have shown that the method of discerning relative timing of sedimentation from the positioning of bounding surfaces and units below the seafloor, and use of the sea-level proxy curve to discern depths and timing of sedimentation, is reliable in the northern Gulf of Mexico. This is based on seismic-stratigraphic studies on the Texas shelf where chronostratigraphic control is available (e.g., Abdulah et al., this volume; Banfield and Anderson, this volume; Fillon et al., this volume) . The seafloor is the maximum flooding surface associated with the current highstand (OIS 1). The first prominent bounding surface beneath the modern seafloor is the OIS 1 transgressive ravinement surface (TS-1) (Fig. 3 ). This is a planar erosional surface. Beneath this surface is the sequence boundary associated with OIS 2 (SB-2) (Fig. 3) . The sequence boundary is characterized by fluvial incision on the inner shelf. The maximum flooding surface of OIS 5 (MFS-5) is characterized by downlap on the middle to outer shelf (Fig. 3) . This same naming convention is used for bounding surfaces of previous glacioeustatic cycles.
Prograding clinoforms with successively lower toplap elevations in a basinward direction represent deposition during relative sea-level fall. The updip pinch-out of the unit represents the onset of deposition, and the offlap break represents the culmination of progradation (Fig. 4 ). Elevations were related to the sealevel proxy curve to determine timing of deposition. Preliminary results from this study suggest that the offlap break elevation does not always correspond with the maximum eustatic lowstand as predicted by sea-level proxy curves. To convert two-way travel time to depth, a velocity of 1500 meters per second (m/s) was used (Anderson et al., this volume) .
The elevation of the updip pinch-out and offlap break may be inappropriately deep, because subsequent changes in sea level may remove, by ravinement or fluvial erosion, the upper part of the unit. Because the updip pinch-out is located in interfluve areas, most of the erosion is probably caused by transgressive ravinement. The depth of erosion by the transgressive ravinement surface has not been measured on the west Florida shelf. However, the shelf morphology is similar to south Texas in terms of gradient and width (Banfield, 1998) . There, the depth of transgressive ravinement is approximately 10 m (Rodriguez et al., 2001) . On the basis of results from south Texas, the elevation of the updip pinch-out could be approximately 10 m deeper, owing to erosion by the overlying transgressive ravinement surface.
Isochron maps were used to calculate volumes of deltas. Calculated sediment flux values are minimum estimates, because sediment volumes include only depositional bodies expressed by deltaic foreset strata. In reality, sediment included in fluvial sheet complexes, coastal-plain environments, and transgressive sheet sands would increase volume estimates. Also, transgressive erosion and associated longshore transport are capable of removing substantial sediment volumes from the area. Results from this study suggest that early highstand and lowstand deposits are virtually lacking within stratal packages of the shelf and upper slope and transgressive deposits are relatively thin. This suggests that the most of the sediment delivered to the shelf during a glacioeustatic cycle ultimately ends up in late-highstand deltas.
STUDY AREA
The study area is located on the middle and outer Florida shelf in water depths ranging from 30 to 150 meters (Fig. 1) . The survey area is between 85° and 86° W longitude and 28° 45' and 29° 45' N latitude. This area is offshore Apalachicola and Panama City, Florida.
The Apalachicola River drainage basin covers an area of approximately 60,000 km 2 and exists in Alabama, north Florida, and Georgia (Fig. 5) . On the basis of water discharge, the Apalachicola River is the largest river in Florida and the fourth largest entering the Gulf of Mexico (Donoghue, 1993) . The drainage-basin geology is divided into two provinces: the Piedmont Plateau and the Coastal Plain (Fig. 5) (Bard et al., 1990) , U/Th dates of Huon, New Guinea, corals (Chappell et al., 1996) , New Guinea lowstand deposits (Chappell et al., 1996) , Benthic δ 18 O curve from the Norwegian Sea (Labeyrie et al., 1987) , and the composite curve from benthic/planktic δ 18 O curve from the Pacific Ocean (Shackleton, 1987) . Also indicated are the oxygen isotope stages and systems tracts for the last glacial cycle.
geologic formations that crop out within the lower reaches of the drainage basin are mainly Oligocene and Miocene clays, sands, marls, and limestones, although recent deposits cover these near the coast. The present climate is humid semitropical with a mean temperature of 19°C (67°F) and mean summer temperature of 27°C (81°F) (Kofoed and Gorsline, 1963) . The region experiences prolonged dry periods and a summer rainy season. Modern precipitation varies from 127 cm/yr (50 in/yr) in central Alabama and Florida to 178 cm/yr (70 in/yr) in Georgia (Fig. 5) .
The Apalachicola River drainage basin contains more rugged and steep topography relative to Texas drainage basins of similar size. The Tertiary coastal plain of panhandle Florida is approximately 200 kilometers wide (Fig. 5 ), compared to approximately 450 kilometers for east Texas. The average gradient along the entire reach of the Apalachicola River is 0.15 m/km (Donoghue, 1989) .
Updip of ancient deltaic lobes on the inner to middle shelf, Donoghue (1993) recognized paleo-channels that are considerably deeper and wider (600 m wide) than the modern river channel. This is potentially the result of increased paleo-discharge at the last glacial maximum (LGM) (i.e., OIS 2). The locations of these paleo-channels on the inner shelf suggest that lobes of the ancient Apalachicola Delta were west of the modern system. This is consistent with steep bluffs on the east side of modern streams. On the basis of these results, we expected to find fluvial valleys and depocenters to the west of the modern river.
The shelf is characterized by long-term tectonic stability, low to moderate wave energy, a lobate coastline, and mild climate (Donoghue and Tanner, 1992) . The present gradient of the shelf is 1.3 m/km (inner shelf) to 3.5 m/km (outer shelf), and the shelf is ramp-like in character (Fig. 1) . Subsidence is low, estimated at approximately 0.5 mm/yr on the shelf, on the basis of the depth of the OIS 3 maximum flooding surface directly west of this study area. Long-term subsidence rates for the study area are indicated by westward thickening of the post-Miocene sedimentary units filling the Apalachicola Embayment, a negative structural embayment underlying the study area (Schmidt, 1984) . Quaternary depocenters associated with the Apalachicola system have not prograded beyond the lower Cretaceous carbonate platform, which reflects the lower subsidence rates compared to Quaternary depocenters offshore Louisiana and Texas.
The predominant wind direction is from the south-southeast. Southeasterly winds generate waves that produce a net westward-flowing longshore current. The microtidal setting experiences diurnal to mixed tides with an average range of only 0.4-0.5 m (National Oceanic and Atmospheric Administration, 1999) .
Sediment deposited on the shelf includes medium-to coarsegrained quartzose sand, silt, and clay, and a large component of shell material (Kofoed and Gorsline, 1963) . The terrigenous sand probably originates in the upper reaches of the drainage basin. Grain size increases offshore. Deposition of these sands on the shelf occurred when stream competence and capacity were higher than present (Kofoed and Gorsline, 1963; Ludwick, 1964; Doyle and Sparks, 1980; McBride et al., 1999; McBride et al., this volume) . Tributaries dissected Tertiary and Quaternary sediments of the coastal plain, which were ultimately derived from the Piedmont Plateau. The fine-grained material is from the sandy soils and unconsolidated Pleistocene sediments that cover most of the drainage basin (Kofoed and Gorsline, 1963) . The distribution of shell material on the outer shelf is the result of sufficient wave energy for winnowing, biologic distribution of organisms, and paucity of terrigenous sediment (Kofoed and Gorsline, 1963) . In contrast to Texas and Louisiana, canyons and fans are not found on the slope. This is partially a function of the different shelf and fluvial morphologies of the Apalachicola system.
RESULTS

Stratigraphic Surfaces
Seven prominent bounding surfaces were mapped (seafloor, OIS 2-1 transgressive surface, OIS 2 sequence boundary, OIS 5 maximum flooding surface, OIS 6 sequence boundary, OIS 7 maximum flooding surface, and OIS 8 sequence boundary).
Modern Maximum Flooding Surface.-
The modern maximum flooding surface is the seafloor associated with the present highstand. There is no evidence for faulting or salt-related structures intersecting the seafloor. In general, the seafloor surface slopes basinward at 1.3-3.5 m/km (0.1-0.2°) (Fig. 1) .
In water depths between -10 and -40 m, the seafloor is characterized by asymmetric elongate ridges, believed to represent the tops of sand ridges (McBride, 1997; McBride et al., 1999) (Fig. 1) . On the basis of modern bathymetric maps, individual ridges are < 10 m high with 10 km wavelengths (Fig. 1) .
On the middle shelf, below ~ 40 m water depth, the average seafloor slope is ~ 0.2° (Fig. 1 ). Mounded features with low, broad profiles ( Fig. 6 ) and subtle terraces are associated with delta topsets. These terraces probably represent wave-cut platforms and are located mainly at a water depth of approximately -65 m. This depth matches the elevations of flat top carbonate mounds, to the west, on the Mississippi-Alabama shelf (Sager et al., 1999) .
The seafloor gradient steepens (~ 3.4°) at the distal limits of bathymetric protuberances on the outer shelf (Fig. 1) . Seismic analysis demonstrates that convex-seaward bathymetric contours and steeper gradients represent the preserved depositional fronts of fluvial deltas. Figure 7 is a dip profile that shows the remarkable preservation of these deltas. The upper surface of what appears to be barriers, recognized on the inner shelf by Tanner (1966) , are the only bathymetric features on an otherwise smooth sea floor that slopes gently offshore (Fig. 8) . Seismic analysis shows no evidence for late Quaternary slope canyons or fans. Seaward of deltaic foresets, the seafloor is smooth with an average slope of ~ 0.1° (Fig. 9) .
OIS 2 to 1 Transgressive Surface.-
The OIS 2 to 1 transgressive surface (TS-1) mimics the modern seafloor with convex-seaward contours in water depths between -100 and -150 m (Fig. 10A ). TS-1 is an erosional surface that dips seaward at approximately 3.2 m/km (0.2°). Relatively thin transgressive deposits, unit 1, are formed between the seafloor and TS-1 (Figs. 7, 8 ). On the inner shelf, TS-1 truncates SB-2 and MFS-5; only the deepest incised valleys of SB-2 are preserved below TS-1. depth at the onset of delta progradation (assumed -60 m) and "B" is the approximate water depth at the end of progradation (assumed -90 m) or offlap break. Because topset elevations decrease seaward, it is inferred that sea level was falling during deposition of the delta. The time interval from -60 m to -90 m is highlighted on the sea-level curve to the right. This is the approximate time span of deposition. This methodology assumes that onlap strata are coastal-plain deposits and not fluvial deposits.
On the inner shelf, TS-1 is the base of the unit whose upper surface exhibits ridges at the seafloor. Where paleo-channels are present, TS-1 overlies the valley fill. A change in seismic facies occurs above and below the surface, from chaotic (valley fill) to parallel above.
On the middle-outer shelf, TS-1 truncates high-angle clinoforms and/or caps distributary channel fill (Fig. 7) . Where TS-1 is not directly underlain by clinoforms, parallel reflectors characterize the underlying unit. The dips of the overlying strata are generally conformable to the dip of TS-1.
The upper slope is characterized by strata dipping gently seaward with an average gradient of 2.9 m/km (0.2°) (Figs. 9, 10A). TS-1 is parallel to the dipping strata.
OIS 2 Sequence Boundary.-
SB-2 is difficult to map, because of chaotic seismic facies above and below the surface (Fig. 7) . Updip of the 60 meter isobath, the OIS 2 sequence boundary (SB-2) is characterized by incision on the inner shelf (Fig. 10B) . Dimensions of channel complexes range from approximately 350 m wide and 15 m deep to approximately 3.5 km wide and greater than 15 m deep. Northeast-southwest oriented channels deepen, widen, and converge in an offshore direction (Fig. 10B) . Channel dimensions are similar to those mapped by Donoghue (1992 Donoghue ( , 1993 on the inner shelf in water depths less than 30 m. Seaward of the -60 m isobath, channels shoal abruptly in a basinward direction (Fig. 10B ). Basinward of this location, the character of SB-2 changes to a flatter erosional surface.
SB-2 is characterized by truncation of underlying clinoforms on the middle to outer shelf, downdip of the -60 m isobath (Fig.  7) . The surface shows less relief, and the unit above is characterized by chaotic seismic facies with shallow (< 15 m deep) complex channel geometries. Judging by their depth and location seaward of the main trunk stream and updip pinch-out of the delta, these channels are interpreted as distributary channels. The channels locally incise the depositional front of the delta (Fig. 7) . On the outer shelf, SB-2 is characterized by a continuous, parallel reflector. Above and below SB-2, strata are acoustically layered. On the inner shelf (< 60 m water depth), SB-2 is amalgamated with overlying (TS-1) and underlying (MFS-5) surfaces (Fig. 10B ).
OIS 5e Maximum Flooding Surface.-
The OIS 5e maximum flooding surface (MFS-5) is truncated by either SB-2 or TS-1 landward of the-60 m isobath (Fig. 10C) . Downdip of the -60 m isobath, the overlying stratigraphic section is characterized by clinoforms (Fig. 7) .
MFS-5 is a regional downlap surface for overlying clinoforms (Fig. 7) . Strata beneath the surface are conformable and acoustically layered (Fig. 7) . Locally, MFS-5 is conformable with mounded, parallel reflectors associated with the underlying unit (Fig. 6 ). The gradient of MFS-5 is approximately 3.3 m/km (0.2°) to the southwest in interdeltaic regions (Fig. 10C ). In the vicinity of the depositional front of the underlying unit, the surface steepens to approximately 30 m/km (1.7°) (Fig. 10C ).
OIS 6 Sequence Boundary.-
Updip of the 60 meter isobath, the OIS 6 sequence boundary (SB-6) is characterized by incision and truncation of layered strata (Fig. 10D ). Overlying the erosional surface is chaotic channel fill. Channel dimensions are generally broader (average width of 2 km) and deeper (average depth of ~ 30 m) than those associated with SB-2. Stage 6 channels are less constrained by sea level, and valleys were potentially occupied longer. Unfortunately, SB-6 channels are commonly obscured by the seafloor multiple. Where imaged above the water-bottom multiple, SB-6 channels are often eroded by the overlying SB-2 surface. The result is amalgamated and crosscutting channel systems. Channels shoal out basinward and are not observed below -60 meters water depth ( Fig. 10D ). At the seaward pinchout of the underlying unit, SB-6 amalgamates with the underlying MFS-7 (Figs. 9, 10E).
Downdip of the -60 m isobath, SB-6 is characterized by truncation of underlying clinoforms (Figs. 6, 8) and onlap ( Fig. 9) or downlap ( Fig. 6 ) by overlying layered or prograded strata. Near the axis of the underlying delta, SB-6 is characterized by chaotic seismic facies, believed to represent distributary channels. Clinoforms of the underlying unit are best imaged near the basinward limits of the delta. Onlap onto SB-6 generally occurs where the depositional front of the underlying unit steepens (Fig. 9) , and downlap onto SB-6 occurs where the surface is relatively flat owing to amalgamation of the sequence boundary and transgressive surface (TS-2, Fig. 6 ).
The time-structure map of SB-6 shows topography that was created by the progradational outbuilding of two underlying delta lobes (Fig. 10D ). Between these depocenters, SB-6 is characterized by incision (Fig. 10D) . However, the incision does not appear to connect with depocenters on the outer shelf or slope. On the upper slope, SB-6 is a relatively flat surface (0.1°) (Fig. 10D ) with layered strata above and below, except where chaotic wedges onlap the surface. This indicates that the incision is a headward-eroded valley that was not connected to a major fluvial source of sediment. The sediments eroded from this valley were apparently distributed uniformly across the slope.
OIS 7 Maximum Flooding Surface.-
The OIS 7 maximum flooding surface (MFS-7) is characterized by downlap of overlying clinoforms (Figs. 6, 8) . The underlying unit is generally obscured by the seafloor multiple. Where MFS-7 is located beneath the seafloor multiple, mapping the surface required greater interpolation. Where strata are imaged, they are generally conformable with the relatively flat MFS-7.
On the inner shelf, MFS-7 is locally truncated by SB-6 (Fig.  10E) . Locally, on the middle to outer shelf, the underlying unit is absent and MFS-7 is eroded by SB-6 (Fig. 9) . Where the two surfaces are amalgamated, strata are laminated above and below the surface, except where overlying chaotic slope wedges are present (Fig. 9) .
On the middle to outer shelf, MFS-7 is a downlap surface for overlying oblique parallel, oblique tangential, and sigmoid clinoforms (Figs. 6 and 8) . To the east, where clinoforms are not well imaged, mapping is based on seismic facies character. Above MFS-7, the unit is chaotic (Fig. 9) . Below MFS-7, reflectors are parallel and continuous. The overlying unit is locally characterized by aggraded bottomset beds. Beyond the depositional front of the overlying unit, these bottomset beds have the same seismic characteristics as the layered strata (Fig. 8) . This makes mapping MFS-7 in these areas difficult.
The time-structure map of MFS-7 shows the gradient and morphology of the seafloor prior to significant deposition associated with younger units (Fig. 10E) . The gradient of MFS-7 is approximately 2.3 m/km (0.1°) (Fig. 10E) .
OIS 8 Sequence Boundary.-
The OIS 8 sequence boundary (SB-8) is imaged only in the western part of the mapped area (Fig. 10F) . In most locations, it is obscured by the seafloor multiple.
On the inner shelf, SB-8 is locally truncated by SB-6 (Fig. 10F ). Incision and truncation of underlying strata characterize the surface.
On the middle to outer shelf, SB-8 is characterized by truncation of underlying clinoforms and onlap of overlying layered strata. Outside the area of deltaic deposition, seismic facies above and below the surface are layered.
FIG. 7.-Seismic line APL03 is a dip profile from the middle shelf to the outer shelf (see Figure 1 for location). This profile shows unit 2 with associated bounding surfaces. The profile shows the remarkable preservation of deltas at the seafloor, external wedgeshape geometry, absence of thick aggraded bottomset beds, distributary incision to the depositional front, mostly oblique tangential and oblique parallel clinoforms, and local sigmoid geometries associated with the progradational center. Delta lobe switching and progradational outbuilding events are also indicated. 
Unit Descriptions
Five seismic stratigraphic units (units 1 through 5) were identified in this study. Seismic facies, bounding surfaces, and internal and external morphologies characterize the units. Once units were identified and mapped, their volumes were calculated from isochron maps so that long-term average sediment flux values could be determined.
Unit 1.-
Unit 1 is confined mostly to the inner shelf and is characterized by chaotic seismic facies that fills channels and/or forms sand ridges (Fig. 7) . The top of the unit is the seafloor, and the base is amalgamated SB-2-TS-1 surface (inner shelf) on the SB-2 surface (outer shelf). The channel fill is capped by TS-1, which is a planar surface. The upper surface is molded into sand ridges on the inner shelf. Unit 1 deposits on the middle-outer shelf are relatively thin (< 10 ms thick), layered strata that are conformable with bounding surfaces.
McBride et al. (this volume) described the MAFLA (Mississippi-Alabama-Florida) sheet sand between the Louisiana shelf and this study area. The top of this extensive sheet sand can be reworked into sand ridges. The MAFLA sand sheet is characterized by > 90% siliciclastic sand and < 10% carbonates. Sands are moderately sorted and medium-grained (2.9-1.1 phi).
Tanner (1966) first recognized sand ridges on the inner shelf. The dimensions of sand ridges observed in this data set are not uniform. On average, ridges are less than a few meters high and 250 m wide, and have an asymmetric profile that is steeper on the western side. The asymmetric profiles suggest westward migration. There is no clear indication of landward migration. Their low heights render them barely discernible unless the profiles are vertically exaggerated.
Unit 2.-
On the inner shelf, the top of unit 2 is defined by fluvial incision (SB-2). Interfluves probably represent subaerial exposure surfaces or transgressive ravinement surfaces. On the inner shelf, unit 2 deposits are thin to absent. On the middle to outer shelf, unit 2 is characterized by prograding clinoform seismic facies and wedge-shaped external geometries (Fig. 7) . Topsets are eroded by the SB-2 and/or TS-1 surfaces (Fig. 7) . Associated with SB-2 is a chaotic-fill seismic facies, assumed to be distributary channels. Clinoforms downlap MFS-5 (Fig. 7) .
Clinoform geometries of unit 2 suggest a deltaic depositional environment. Clinoform geometries grade from shingled and oblique parallel to oblique tangential seaward. Overlying surfaces SB-2 and TS-1 truncate topsets of the underlying unit (Fig.  7) . Locally, sigmoid clinoform geometries are preserved, associated with delta lobe switching and progradational centers (Fig.  7) . Dip line APL03 illustrates the steep foresets (~ 3°) at the depositional front of unit 2 and absence of thick, aggraded bottomset beds (Fig. 7) . Where bottomset beds are imaged, they are not laterally extensive. Distributary channels extend to the depositional front of the delta, as evidenced by the truncation of underlying clinoforms (Fig. 7) . The offlap break, representing the Unit 2 is well preserved on the outer shelf, as evidenced by convex-seaward bathymetric contours (Fig. 1) . Unit 2 delta lobes are not capped or onlapped by extensive layered strata.
Two separate depocenters of unit 2 were mapped (Fig. 11A ). To the west, the unit is characterized by isolated highs with oblique-parallel clinoform geometries that are interpreted as paleoshorelines or barriers (Figs. 8, 11A ). They presumably were located at the depositional shoreline break of older unit 4 deltas (Fig. 8) . To the east, a delta is oriented parallel to depositional strike and is characterized by shingled, oblique parallel, and oblique tangential clinoform geometries (Fig. 11A) .
The area of the unit 2 delta is approximately 23 km wide, 10 km long, and up to 80 ms (60 m) thick (Fig. 11A) . The sediment volume is approximately 10.7 km 3 . According to the elevation of the updip pinch-out and offlap break of the unit, sea level ranged from approximately -60 m to -90 m below present during deposition of the delta (Fig. 7) . The updip pinch-out is a minimum estimate, because of subsequent erosion and/or transgressive ravinement. The offlap break of the unit is a maximum estimate, also because of subsequent erosion and/or transgressive ravinement.
Unit 3.-Unit 3 is characterized by variable thickness of transgressive strata on the shelf. Thicknesses are greatest on the inner shelf in fluvial valleys (> 60 ms (45 m)). Unit 3 is characterized by chaotic fill seismic facies over an erosional surface associated with SB-6 on the inner shelf. On the middle to outer shelf, unit 3 is characterized by mounded-onlap-fill seismic facies that fills topographic lows within unit 4 (Fig. 6) . On the upper slope, unit 3 is characterized by onlapping layered or chaotic seismic facies (Fig. 9) . The unit is underlain by SB-6 and overlain by MFS-5.
Unit 3 strata are generally conformable with the overlying SB-2 and MFS-5 amalgamated surface and either downlap at a very low angle (Fig. 6) or onlap the underlying SB-6 surface (Fig. 9) . Locally, SB-6, and hence unit 3, are truncated by SB-2. Where no obvious geometric relationships exist between unit 3 and bounding surfaces, the unit is mapped on the basis of seismic facies character, because strata of unit 3 are more layered than bounding units 2 or 4.
Inner-shelf unit 3 deposits are characterized by chaotic-fill seismic facies filling an erosional surface formed by the amalgamated SB-6 and MFS-7 surface. Channel dimensions are generally broader (~ 2 km) and deeper (~ 30 m) than those associated with the amalgamated SB-2 and MFS-5 surface. Above the level of incision, strata are layered.
On the middle to outer shelf, unit 3 is characterized by backstepped deltas, recognized by mounded-onlap-fill seismic facies in topographic lows associated with antecedent topography on unit 4 (Fig. 6) . Foresets downlap SB-6 at a relatively low angle (Fig. 6) . Intermediate downlap surfaces separate individual lobes. At least three generations of backstepped lobes are imaged in the eastern part of the study area (Fig. 6) . Backstepped delta lobes extend as far landward as the data set extends and are thickest between sub-lobes of the unit 4 eastern lobe. Backstepped deltas on the middle to outer shelf are up to 40 ms thick (30 m). Unit 4 delta lobes are onlapped by unit 3 layered strata at their distal limits, referred to as slope wedges (Fig. 9) . In the study area, unit 3 slope wedges are concentrated on the western lobe. Backstepped shorelines are not as easily recognized, because they are thin and not laterally extensive.
Unit 4.-
On the inner shelf, unit 4 was subjected to subaerial exposure and fluvial incision. The unit is very thin to absent on the inner shelf. On the middle to outer shelf, unit 4 is characterized by prograding-clinoform-fill seismic facies and wedge-shaped external geometries (Figs. 6, 8, 9 ). Topsets are eroded by SB-6 and FIG. 9.-Seismic line APL19 is a dip profile on the outer shelf to upper slope (see Figure 1 for location). The profile shows the ramplike morphology of the margin. Unit 4 and associated bounding surfaces are indicated. Distributary channels, associated with SB-6, incise to the depositional front of the delta. Associated with SB-6 is chaotic-fill seismic facies, assumed to be distributary channels. Clinoforms downlap MFS-7 (Figs. 6, 8) . Two separate deltas exist on the shelf, separated by an interlobate area (Fig. 11B ). Both deltas are manifested on seafloor bathymetry maps by convex-seaward bathymetric contours (Fig. 1) . Strike lines on the middle shelf capture an apparent deepening of depositional systems to the west, associated with the lateral pinch-out of unit 4. The eastern part of the study area is characterized by widespread incision, whereas the western part is characterized by oblique parallel clinoform geometries.
Clinoform geometries of unit 4 suggest a deltaic depositional environment. Clinoform geometries grade from shingled and oblique parallel to oblique tangential seaward with foreset angles approximately 3° (Fig. 6) . The western delta is also characterized by sigmoid clinoform geometries associated with numerous laterally stacked progradational centers (Fig. 8) . Two distinct delta lobes occur on the shelf that share common bounding surfaces. Both deltas are characterized by bird-foot morphologies, suggesting point-sourced deposition (Fig. 11B) . Two distinct lobes that were fed by separate distributary systems (Fig. 11B) represent each delta. Local flooding surfaces separate sub-lobes of the deltas and represent periods of avulsion. Relative ages of individual sub-lobes, based on intermediate downlap surfaces, suggest that the system migrated to the west (Fig. 8) . Unlike the unit 2, these deltas are capped by laminated strata.
A dip profile of the western delta images distributary channels that locally incised to the depositional shoreline break at approximately -120 m below present sea level (Fig. 9) . At approximately 80 ms (60 m), the western delta is thicker than the eastern delta, which is approximately 40 ms (30 m) thick (Fig. 11B) . The eastern delta is characterized by a single progradational center. Distributary channels of the eastern delta appear to extend farther basinward.
The area of the western delta is approximately 37 km wide, 34 km long, and up to 80 ms thick (60 m) (Fig. 11B) . The eastern delta is approximately 38 km wide, 37 km long, and up to 40 ms thick (30 m) (Fig. 11B) . The unit 4 delta extended farther seaward than the unit 2 delta, suggesting shallower waters and less accommodation. The sediment volumes associated with the western and eastern deltas are approximately 32 km 3 and 21.8 km 3 , respectively.
Judging by the elevations of the updip pinch-out and offlap break of the unit, sea level ranged from approximately -90 to -120 m during deposition of the unit 4 deltas.
Unit 5.-
Unit 5 is obscured by the seafloor multiple over most of the study area; therefore, its areal extent and thickness were not resolved. The unit is imaged in relatively shallow water depths (< 80 m). It is characterized by shingled and oblique parallel clinoform geometries. Where clinoform geometries are not imaged, the fill seismic facies is chaotic. The unit is overlain by SB-8, characterized by the truncation of foresets. The base of the delta is generally at or beneath the seafloor multiple. A local flooding surface exists near the updip pinch-out of the delta, suggesting a potential avulsion event.
DISCUSSION
Fluvial-Deltaic Deposition
Wedge-shaped morphology and the gradation from shingled to high-angle oblique clinoforms suggest that deltaic units prograded seaward into deep water (Fig. 7) . The relatively steep (3°) clinoform angles suggest higher-energy depositional processes (Fig. 7) . The absence of topset beds at the seaward margin of deltas suggests significant erosion by the coeval distributary network and/or transgressive ravinement surface (Fig. 7) . We assume that erosion occurred as distributary channels actively extended the depositional front throughout the late highstand and lowstand. The absence of appreciably thick bottomset beds (prodelta muds) indicates relatively high bedload sediment supply (Fig. 7) .
The ancestral Apalachicola Delta system experienced avulsion and abandonment, as evidenced by numerous progradational centers and local flooding surfaces (Fig. 8) . The external morphology of deltas varied between different eustatic cycles, from shoreparallel, elongate lens (unit 2) to bird-foot (unit 4). Fluvial systems characterized by high bedload, relatively unstable channels, and closely spaced channels deposited uniform delta fronts similar to that of unit 2 (Postma, 1995) . More stable, distinct feeder channels deposited mouthbar-type deltas similar to unit 4.
Timing of Deposition
On the basis of the seaward decrease in toplap elevations from the updip pinch-out of the delta to its offlap break at the delta front, it is inferred that units 2, 4, and 5 represent deposition that occurred during sea-level fall. Ages were inferred from elevations of the updip pinch-out and offlap break of the units (Fig. 4) .
On the basis of the elevations of the updip pinch-out and offlap break for unit 2, sea level ranged from approximately -60 m to -90 m during deposition of the unit (Table 1 ). Because we interpret the bounding surfaces of unit 2 to be SB-2 and MFS-5, it is inferred that deposition of the unit occurred during sea-level fall of the last glacioeustatic cycle (OIS 5 to OIS 2). On the basis of the correlation between offlap break elevations and the proxy sea-level curve, deposition of the delta occurred between 25 ka and 75 ka (OIS 5 to OIS 2) ( Table 1) .
On the basis of elevations of the updip pinch-out and offlap break for unit 4, sea level ranged from approximately -90 to -120 m during deposition of the unit ( Table 1 ). Assuming that the bounding surfaces (MFS-7 and SB-6) correspond to OIS 7 to OIS 6, and on the basis of the correlation between the updip pinchout and offlap break elevations and the proxy sea-level curve, deposition of the unit occurred between 156 ka and 141 ka (OIS 7 to OIS 6) ( Table 1) .
Unit 5 is bounded by SB-8 above, and the underlying maximum flooding surface is obscured by the seafloor multiple. Toplap and offlap break elevations are not well imaged in unit 5. On the basis of its stratigraphic positioning beneath younger units and relationship to bounding surfaces, unit 5 is interpreted as having been deposited between OIS 9 and OIS 8.
Interpreted depositional environments for units 1 and 3, including sand ridges, valley fill, sheet sands, backstepped deltas, and slope wedges, are consistent with transgressive deposits. The environments indicate that deposition occurred during relative sea-level rise, suggested by onlapping-fill seismic facies and/ or progressively younger strata located updip of older strata of the same unit. Ages of units 1 and 3 can be inferred from their bounding surfaces. Unit 1 (bounded by the seafloor and SB-2) represents deposition between OIS 2 and OIS 1. Unit 3 (bounded by MFS-5 and SB-6) represents deposition that occurred between OIS 6 and OIS 5.
Comparison of Deposition Associated with Different Eustatic Cycles
Because unit 5 is only locally imaged, comparisons will be made between units of the last two glacioeustatic cycles only. To begin, comparisons will be made between unit 2 (OIS 5 to OIS 2) and unit 4 (OIS 7 to OIS 6). Average sediment-flux values for the units, based on estimated volumes and ages, are presented in Table 2 . The average sediment-flux values in Table 2 , column 4, are based on the assumption that the updip pinch-out and offlap break elevations can be used to accurately predict the timing of the onset and culmination of deposition. The estimated duration of deposition is shown in column 2. Average sediment flux values given in Table 2 , column 5, assume that ages of the units were represented by the entire highstand (approximately 100 kyr). This was based on the assumption that the deltas were composed largely of sediment reworked from early highstand deposits.
Sediment volume for the unit 4 delta was five times greater than the sediment volume of the unit 2 delta. Although unit 4 is manifested as two separate deltas on the shelf and individual deltas are areally more extensive, thicknesses are locally concentrated within their progradational centers. The unit 2 delta pinches out more abruptly, and the delta has a more uniform thickness.
Another difference between deltas of units 2 and 4 is the organization of their distributary-channel networks. Distributaries that fed unit 2 deltas served as a line source for delta progradation (Fig. 12) . During the prior highstand, unit 4 deltas were more point-sourced, with more organized distributary systems feeding separate lobes (Fig. 12) .
On the basis of the extensive distributary network mapped for unit 2, sedimentation appears to have been line-sourced by a laterally extensive distributary complex (Fig. 12) . The eastern depocenter is confined by antecedent topography of the older unit 4 delta system (Fig. 12) . This illustrates that accommodation was controlled mainly by antecedent topography. The western depocenter probably developed mostly as barriers (Fig.  12) . The development of these barriers suggests minimal sediment supply and extensive wave reworking from the unit 4 delta. Steep depositional fronts and foreset angles, wave-cut platforms, the presence of barriers, and elongate lens-shaped geometries (Figs. 7, 8, 12 ) reflect the importance of waves in the formation of unit 2 deltas. At the height of their development, these deltas prograded into 70 m of water. Wave-cut platforms probably developed during sea-level stillstand and/or little sea-level rise.
The smaller thickness of unit 4 (~ 30 m) relative to unit 2, and its more basinward extension, suggests limited accommodation. The bird-foot morphologies and branching distributary systems are indicative of greater fluvial influence on unit 4 deltas relative to unit 2 deltas.
Deltas of the same glacioeustatic cycle share common bounding surfaces, suggesting the same time span of deposition. During both glacioeustatic cycles, deltas were deposited in two different locations on the shelf. In relative terms, we infer that unit 2 deltas were wave-dominated and unit 4 deltas were fluvial-dominated. The differences between transgressive deposits of the two glacioeustatic cycles are less dramatic. Unit 1 deposition occurred mainly on the inner shelf and in the form of sand ridges, sheet sands, and valley fill. Unit 3 deposition occurred on the middle shelf to upper slope, but sand ridges and sheet sands are not preserved in the subsurface. Rather, unit 3 deposits of the inner shelf are mainly valley fill deposits. Unit 3 deposits on the middle to outer shelf consist of backstepped deltas. Results from this study suggest that highstand deposits on the inner shelf have largely been eroded by subaerial exposure during the lowstand. Preserved late highstand deposits are located on the middle to outer shelf and consist mainly of deltas and their associated distributaries. These deltas form convexseaward bathymetric protrusions on the shelf in water depths of approximately 50 m to 150 m. Preservation of these deltas on the middle to outer shelf is possibly the result of hardground formation during the lowstand. Grab samples taken from the seafloor, above the unit 2 highstand delta, include a relatively high carbonate component, but no cemented material was recovered.
Calculated sediment-flux values, based on the entire 100,000 years of highstand deposition, were within the same order of magnitude for both units 2 and 4 (0.1 km 3 /1000 yr and 0.5 km 3 / 1000 yr, respectively). The calculated sediment flux for the modern system, based on the volume and age of the modern delta, is approximately 0.5 km 3 /1000 yr (Kofoed and Gorsline, 1963; Schnable and Goodell, 1968) . Thus, unlike the rivers of Texas, whose sediment flux values were much higher during the most recent OIS 5 to 2 falling stage of sea level (Abdulah et al., this volume; Banfield and Anderson, this volume) , the sediment flux of the modern Apalachicola River is inferred to be slightly greater than it was during the OIS 5 to 2 falling stage of sea level.
Estimates for ancient sediment flux of the Apalachicola depositional system appear to be reasonable when compared with fluvial systems of similar size in the northern Gulf of Mexico. For reference, highstand sediment flux values for the Rio Grande and Brazos-Colorado systems were 1.4 to 2.9 km 3 /1000 yr and 0.3 to 3.2 km 3 /1000 yr, respectively (Banfield, 1998; Snow, 1998) .
Lowstand Systems Tract.-
The lowstand systems tract is characterized by subaerial exposure of the inner shelf and development of an extensive braid-plain system, composed of numerous, shallow amalgamated channels. As sea level fell, the streams and rivers of the region flowed across a relatively high-gradient shelf covered by sand. The high gradient and high bedload content contributed to braided fluvial morphology (Bridge, 1993; Bristow and Best, 1993; van den Berg, 1995; Leeder, 1999) . The fluvial systems fed deltas on the middle to outer shelf during the late highstand and lowstand, judging by the elevations of the updip pinch-outs and offlap breaks. These channels are locally incised into upper Miocene carbonates on the inner shelf. No evidence exists for cross-shelf incised valleys on the inner shelf or canyons and fans on the upper slope, as predicted by many general sequence stratigraphic models Van Wagoner et al., 1990; Christie-Blick, 1991) . At times during the glacioeustatic cycle, braided channels converged into larger "trunk" valleys. These larger valleys were flanked by terraces, which provide evidence for a system that was laterally migrating and incising. Steep bluffs on the eastern side of paleo-channels provide evidence that the system was migrating to the east. Alternatively, the terraces may represent successive stages of fluvial incision during an overall fall in sea level, but channel geometries are not supportive of this interpretation. Two separate deltas of the same age on the shelf suggest the presence of two separate feeder channels. Where these systems converged updip is not known.
An important distinction of this ramp margin is the absence of cross-shelf incised fluvial valleys, which is a function of relatively planar fluvial and shelf gradients. No distinct shelf-slope break exists to initiate incision and headward erosion. The only exception is where topographic lows between late highstand and lowstand deltas served as centers for headward-eroding valleys during lowstands.
Seismic data suggest that the unit 4 offlap break occurs at a depth of approximately 120 m. In contrast, the offlap break elevation of the unit 2 delta is estimated at -90 m. The actual OIS 2 lowstand, according to sea-level proxy curves, was approximately -120 m. This poses the problem as to where the lowstand systems tract manifests itself on the outer shelf to upper slope. It is possible that the data set collected for this study did not image the lowstand lobe of unit 2, although no evidence exists for such a lobe in modern seafloor bathymetry. Another possibility is that the remaining 30 m is represented by sediments deposited on the slope as the result of bypass. However, there is no evidence of lowstand deposits on the slope. It is more likely that extensive erosion by the sequence boundary (SB-2) and transgressive ravinement surface (TS-1) removed a significant part of the topset beds and upper portion of foreset beds, and sea-level estimates for the culmination of deposition are underestimated. Otherwise, the OIS 2 lowstand, as predicted by calibrated sea-level proxy curves, is overestimated by ~ 30 m.
Distributary channels, associated with the sequence boundary, locally incise the delta to the depositional shoreline break (Figs. 7, 9 ). As expected, this is best observed in dip profiles where progradation was most active. Lateral limits of deltas show better preservation of clinoform geometries (Fig. 8) . Depths of seaward topset beds for the unit 4 delta are consistent with the lowstand part of the sea-level curve. This evidence for lowstand deltas is different from the Van Wagoner et al. (1990) definition, which suggests that lowstand deltas downlap the sequence boundary, making them a distinctly different system from highstand deltas. The deltas described for units 2 and 4 began development during the early highstand in more proximal shelf positions and prograded to the outer shelf during late highstand and lowstand time. These deltas downlap the maximum flooding surface and are truncated by the sequence boundary and transgressive ravinement surface, respectively (Figs. 7, 9 ).
Planar strata, indicative of hemipelagic sedimentation, dominate the lowstand deposits of the upper slope. Slope canyons and fans are absent. Several reasons are given for this lack of slope canyons and fans. According to models by , canyons and fans do generally not characterize ramp margins. Ramp margins are not conducive to incision at the "shelf edge" because no drastic change in gradient occurs. Slope instability, which triggers large-scale mass wasting, is less likely to occur where there is no appreciable height difference between the shelf edge and the base of slope, as is the case here. This data set shows minimal evidence for slope instability in the form of slides, slumps, or debris flows. At the depositional front of deltas, bottomset beds are asymptotic, merging into a single reflector (Fig. 7) . This very thin unit, developed at the depositional front of the delta, is representative of the basinward expression of the lowstand systems tract. The thin unit is suggestive of minimal sedimentation and absence of slides, slumps, and debris flows, as well as prodelta deposits (Fig. 7) . Van Wagoner et al. (1990) generically consider the lowstand systems tract as the most viable place for reservoir-quality sand bodies, on the basis of the presence of lowstand valleys, canyons, and fans. Lowstand depositional sand bodies are absent in this study area.
Transgressive Systems Tract.-
Middle-to outer-shelf transgressive deposits of unit 3 are locally preserved on the shelf, but transgressive deposits of unit 1 are more extensive on the inner shelf. Commonly, these deposits fill valleys and aggrade the interfluve areas, but sand ridges also occur. Sand ridges and sand-rich valley fill were probably derived from the reworked topsets of underlying delta lobes.
The asymmetric profile of subsurface sand ridges suggests that the dominant current transport direction was to the west, similar to the present. One would also expect to see landward migration of ridges. At present, the shelf is sediment starved, and reworking of sediment probably occurs only during storms and the passage of cold fronts (McBride et al., this volume) .
On the middle and outer shelf, backstepped deltas fill lowlying areas, generally at the lateral pinch-out of the underlying delta (Fig. 6) . In dip and plan views, they overlie unit 4 deltas (Figs. 6, 12 ). Eroded topset beds of highstand deltas are probably a significant source of transgressive sediments on the shelf.
Slope wedges, which represent deposition during the transgressive systems tract, onlap the sequence boundary at the depositional fronts of the late highstand to lowstand unit (Fig.  9) . Slope wedges in unit 3 are associated with the OIS 8 to 7 transgression. The wedge may contain sands that were derived from the topsets of deltas as distributary channels eroded to the depositional front of deltas. The approximate thickness of the unit 3 slope wedges is 15-30 m, thinning abruptly basinward. Thicknesses are a function of the height of the preserved delta front. These slope wedges appear to be more pronounced in the western part of the study area (Fig. 12) . West of the study area, offshore Pensacola, slope wedges are more extensive (Bart, 1998) . It is suggested that these deposits were sourced by bottom currents at the base of slope during the transgression (Bart and Anderson, this volume) . In the study area, unit 1 is not onlapped by transgressive deposits (slope wedges) on the shelf or upper slope.
CONCLUSIONS
Fluvial-Deltaic Deposition
• Seismic data from the study area indicate that late-highstand to lowstand fluvial channels and depocenters were located to the west of the modern Apalachicola River.
• Extensive highstand deposits exist on the middle to outer shelf as sandy, fluvial, and wave-dominated deltas with relatively steep clinoforms (~ 3°) and minimal bottomset beds, implying deposition by bedload-dominated rivers in a highenergy environment.
• The highstand deltas are manifested on the outer shelf as convex-seaward bathymetric protuberances. The preservation of these features was perhaps enhanced by hardground formation.
• Topset beds were deeply eroded by advancing distributary channel system that actively extended the depositional front of deltas.
• Numerous progradational centers and localized flooding surfaces suggest that the system avulsed several times.
• The absence of highstand deposits on the inner shelf is inferred to be due to low subsidence and extensive erosion.
Timing of Deposition
• Chronostratigraphic control for the study area is absent, so ages of deltaic units were inferred from updip pinch-out and offlap break elevations and stratigraphic relationships. At least three glacioeustatic cycles (OIS-9 to OIS-1) can be imaged.
Comparison of Deposition Associated with Different Eustatic Cycles
• During OIS 7 to 6 (unit 4), two deltaic depocenters existed in separate locations on the outer shelf, suggesting the existence of two separate fluvial feeders of the same age. During OIS 6, a major fluvial valley was present near the eastern unit 4 delta. This valley is believed to represent the paleo-Apalachicola River. By OIS 2, the western delta of unit 4 is expressed only by deltaic remnants, including barriers, suggesting that the western system of unit 4 was inactive by unit 2 time.
• Highstand deltas were fluvial-dominated during OIS 7 to 6 and wave-dominated during OIS 5e to 2. Estimates for highstand sediment volumes and flux values were significantly greater for unit 4 (OIS 7 to 6) than unit 2 (OIS 5 to 2). Sediment flux for the modern Apalachicola River is greater than that calculated for the unit 2 Apalachicola Delta (OIS 5 to 2). In contrast, larger Texas rivers (Rio Grande, Brazos, and Colorado rivers) had sediment-flux values that were significantly greater during falling sea level than at present. One major difference between Texas rivers and the Apalachicola River is the greater storage capacity for the low-gradient Texas rivers. The result was a more continuous sediment supply by the Apalachicola River during the highstand.
• Branching, relatively deep valleys sourced the OIS 7 to 6 fluvial-dominated delta. The OIS 5e to 2 wave-dominated system was sourced by a braid-plain system, characterized by narrower, shallower channels.
Deposition Associated with Different Systems Tracts
Lowstand.-
• The seismic facies analysis suggests that the Apalachicola River was braided during the lowstand. This was likely the result of steeper valley slopes, increased discharge, and a high bedload sediment supply.
• The lowstand systems tract is expressed as an extension of highstand deltas. Distributaries incised to the depositional front of deltas with depths of topset beds for the OIS 7 to 6 delta at approximately -120 m.
• Offlap break elevations for the unit 2 deltaic wedge are approximately -90 m. This is 30 m shallower than the sea-level estimate for the last glacial maximum.
• Toplap elevations decrease seaward for both units 2 and 4. Comparable sediment volumes for both units, no evidence for backstepped depositional systems, and an intermediate transgressive unit (unit 3) suggest deposition during sea-level fall for both units 2 and 4.
• Shelf-wide incised fluvial valleys, slope canyons, or slope fans do not occur in the lowstand systems tract.
Transgression.-
• The asymmetry of seafloor features, associated with sand ridges, indicates dominantly westward-directed currents during the last transgression.
• Slope wedges are thicker and laterally more extensive to the west of the study area (see Bart and Anderson, this volume, and Fillon et al., this volume) . In these areas, there is no evidence for contour currents in upper-slope settings (Sydow and Roberts, 1994; Bart and Anderson, this volume) . Westward-directed currents, active during the transgression, potentially transported sediments from the Apalachicola system to be deposited as thicker, more extensive slope wedges to the west.
• Rapid sea-level rise overwhelmed sediment flux, resulting in backstepped deltas on the middle to outer shelf. These deltas are located in interlobate depressions of the OIS 7 to 6 delta.
Highstand.-
• Results from this study on the west Florida shelf suggest that the most extensive, laterally continuous, and volumetrically significant sand bodies probably were produced during the late highstand. Deposits of the lowstand and transgressive systems tracts are less extensive, less continuous, volumetrically less significant, and have low preservation potential.
